
� � �������
	 �

�  � � ��� � � ��� � � � � � ��� ��� � � �

��� � ! "$# %'&)(+*,# -."$# /10324(+56"$&

7.8:9:;=<?>A@CBD<?>:ECFHGJILKNMOEPFRQTSU<6VUI6WX>OECWYEZWRM:FHI6ECKA@CB[I6;:ILFHGC\]8^I6<6EC9:WRI_@CB[`_EC;a\]FRIbECWR@J;:W6cdBe@JFXIgfih
EP`jM:VUICckFTEC;:K=@J`�li9OEC;aQH9:`mIgfk<LSUQ?EnQTSo@C;_pq>:So<?>r<?>OEP;:GJI6W4QH>:IXI6;:ILFHGC\_@CBsQH>:I'MOECFtQTSU<6VoILW[FHEC;:K:@J`$VU\
u Be@JFvILVoIL<LQTFR@J;:WvEC;:KA9:VwQTFHEnhx>:SUGJ>yI6;:ILFHGC\�M:FH@PQT@J;:WY@J;:Vw\:z{c|SU;iQHFTEC8^IbEP`}WR<bEPQRQTILFHSo;=G�pq>:So<?>NSoWq~R9=WRQ
� @C9:Vo@J`v8�WR<bEPQRQTILFHSo;=GNEC`$@J;:G1QH>:IZMOECFRQHSo<LVoI6WLc��s@J9=WH<?>:IL��WR<bEPQRQTILFHSo;=G����6�4pq>:SU<?>�SUW$VoECFHGCIgh�EP;:GJVoI
� @C9:Vo@J`v8�WR<bEPQRQTI6FRSo;:GZpq>:So<?>N<6@J;a�JILFRQHWvQT>:I�QTFHEC;:Wt�JI6FRWHI)`$@J`$I6;aQT9=`�@CB4EZMOECFRQHSo<LVoI�So;aQT@ZVo@C;:GJSwh
QH9:K:SU;OECV�c�EC;:K�c�`j@CWRQ�SU`jM^@JFtQ?EC;aQ�@CB�ECVUV�c�E_`jI6EC;:W�QT@�<6@C9:;aQTI6F�<6@JVUVoI6<gQTSw�JIvSU;:WRQTEC8:SUVoSUQHSoILWDQT>:FR@J9:GJ>
� EC;=KOEC9_K:EC`jM=So;:G:�s�x;)EC;_EC<6<LI6VUI6FTEnQT@JF�FHSU;:G�@JF�WtQT@JFHECGJIqFHSU;:G:ciMOECFtQTSU<6VoILW+pqSUQT>jK:SU��I6FRI6;aQ�I6;:ILFHGJSUI6W
>:E �CIYK=SU��I6FHIL;aQ�<LVo@JWRI6KZ@JFH8=SUQTWLc=QT>=I6SoF4VUI6;:GPQT>:WqECFRIXGJSU�CI6;Z8i\

��� �D¡�¢ ��£�¤ ¡{¥ £§¦ u ¥©¨ z�ª�« u¬ �w�©z
pq>=I6FHI ¥ SUW$QH>:I®BeFHEC<LQHSo@J;:ECV4WHM:FRIbECK¯So;�`j@J`$I6;aQH9:` EC;:K �D¡ SoW�QT>:I®@JFH8=SUQ$VoIL;:GCQT>�@CB�QH>:I®WR@Ph
<6ECVoVUI6K�°n±O²x³_°n³_´g±Oµ·¶k³
MOECFtQTSo<LVoIP�s�4>:IqM:FR@JM^@JFRQHSo@J;OEPVoSUQx\X<L@J;:WtQ?EC;aQ�¤ ¡ SoW|<bECVUVoI6K3QH>:I'³_°n³_´g±Oµ·¶k³¸²
¹ °n³�º=» ¹ µ·¼�°n±3½L» ¹ µx°n¾¸@CB|QH>:IvEP<6<6ILVoILFTEPQH@JF�FRSo;:G=���4>:I�BeFTEC<gQTSU@J;r`j@J`$I6;aQH9:`¿WHM:FRIbECK®SoWqFHILVÀEPQHI6KZQT@
QH>:IXVo@ p�I6WRQ�@JFRK:I6F4BeFHEC<LQHSo@J;OEPV�I6;=I6FHGP\rWHM:FRIbECK®Á�Â3ÃCÂ ¡ 8a\

¥X� Á�Ä
Ä ¡§Å

�
Æ ¨¡

Á�Â
Â ¡ÈÇ u¬ � ¬ z

pq>=I6FHIqÄ ¡ cOÂ ¡ cÉEC;:KZÊ ¡D�ËÆO¡{Ì EPFHI�QT>=IY`$@J`$I6;aQT9:`Zc=IL;:I6FRGC\Jc^EC;=K®VU@J;:GJSwQT9:K:SU;OECVÉ�JILVo@Í<6SUQx\_@CB|QH>:I
@C;khx`$@J`$I6;aQT9:`}MOECFtQTSU<6VoIP���4>=IZ`$@J`$I6;aQT9=`�hÎ<6@J`$MOEC<gQTSo@C;�B·EC<gQT@JFRW3@CB�`j@JWtQ�EC<L<6I6VUI6FHEPQT@JFRW�EC;:K

¬ h?�



¬ h ¬ ¬ � ������� �x���	��� � 7 ��
� 7������ 
 7 � �

WtQT@JFHECGJI�FHSU;:GJWq>OEb�JI�QT>:I�M:FH@CM�ILFRQx\rQT>OEnQ�¤ ¡���� cÉSU`jM:Vw\ÍSo;:G3QH>OEPQ�MOECFtQTSo<LVoILWqpqSwQT>®VÀECFRGJI6F4IL;:I6FRGC\
pqSUVoV�QHFTEb�JILV ECVo@C;:G�Vo@J;:GCI6F4<6VU@JWHILKr@JFH8:SwQTW4pqSUQH>r`j@JFRI'FTECK=SÀECV�Igfk<69:FRWHSU@J;:W6��7 Vo@J;:GCI6FD<LVo@JWRI6KZ@JFH8:SwQ
`jEb\]So`$M:VU\�FHILVÀEPQHSU�JILVU\,VU@J;:GJILFXFHIL�C@JVo9kQTSo@C;�M^I6FRSo@ÍK���� � ;�QH>:I$@CQT>:ILFY>:EC;:K�c|E®>:SUGJ>:I6FXIL;:I6FRGC\
M:ECFRQHSo<6VUI�QTFTEb�CI6VoW$pqSUQH>�>:SUGJ>:ILF$�CI6Vo@Í<6SwQx\ Ê EC;:K�QT>:I®M�ILFHSU@kK�@CB�FRIL�C@JVo9=QHSo@J; pqSoVUV48�IZFHILVÀEPQHSU�CI6VU\
WR>:@JFtQTI6FL�)�4>:IjFHI6WR9:VUQYSoW�ErWHVUSoMySo;]FHIg�J@JVU9=QTSU@J;yQHSo`$I�Á�� u I6SwQT>:ILFXM�@JWRSUQHSU�JI�@JF�;:ILGaEPQTSw�JIbz'Ig�JILFR\
QH9:FH; pqSUQH>�FRI6WRM�IL<LQ$QT@,QT>:IZ@J;khÎ`j@C`jIL;iQH9:`�M:ECFRQHSo<6VUIC� �4>:IZMOECFtQTSU<6VoILW¸So;:WRSoK:I)QH>:Ir8:9:;:<?>�pqSoVUV
QH>:I6FRILBe@JFRIXWHM:FRIbECK®@J9=QqVo@C;:GJSUQH9:K:SU;OECVoVw\�EC;:KrQT>=I�8=9:;:<?>®pqSUVoV�K:SoWRSo;aQTILGJFTEPQHI'9:;:VUI6WHW4QH>:I6FRI�SUW4WH@J`$I
VU@J;:GJSwQT9:K=So;OECVsBe@k<L9:WHSU;:G®Be@JFR<6IjVoSo�PI$QH>:I$FRB4�J@CVUQ?EPGJIC���kSU;:<6I�� �¿� ÃPÊÉc E�����¼ º®½L» ¹ µx°n¾��]<bEC;A8^I
K=I �O;:ILK�8a\ Á��

� ¡ � Á �
�D¡�!

Á¸Ê
Ê ¡#" � ¥ « u¬ �%$az

pq>=I6FHI&� ¡ SoW3QT>=I�FHIL�C@JVo9kQTSo@C; M�ILFHSo@ÍKA@CB�QT>=I�@J;khx`$@J`$I6;aQT9=` MOEPFRQTSU<6VUIC�]�4>i9:W6c�QT@1QT>=IZVU@ p[ILWRQ
@CFHK:ILF�SU;�QT>:I'BeFTEP<LQTSU@J;OECV�`j@C`jIL;iQH9:`�WRM:FHI6ECK�cOp�I�>:E �CI

� � ¤ ¡ !
�
' ¨¡ « u¬ �)(iz

pq>=I6FHI�Â ¡D� ' ¡+*rÌ ¨ EC;:K * SUW QT>:IqFRI6WRQ�`jECWHW+@PB�QH>:I4MOECFtQTSo<LVoIP� � SUGJ>:ILF @JFHK=I6FHW�@CB^QT>=I�WRVoSUM3B·EC<LQH@JF
pqSUVoV�8�IXGJSw�JI6;ZSo; � >OEPM=QTILF��-,=�

. @JF_`$@JWtQ�I6VUI6<LQHFH@J;§FRSo;:GCW)EC;:K >:SUGJ>�IL;:I6FRGC\�M:FR@CQT@C;§FHSo;=GJW6c4QT>=I1MOECFtQTSo<LVoIZ�JI6VU@k<LSUQx\�Ê�SUW
I{fÍQTFHIL`jILVU\r<LVo@JWRI�QH@ Ì cOQT>:IX�JILVo@Í<6SUQx\)@CB VUSoGJ>aQbcOWR@jQH>OEPQqQT>:I�FHIg�J@JVU9=QTSU@J;kh�QTSo`$I�WRVoSoMrSUW�K=@J`jSU;OEPQHI6K
8a\�QT>:I[So;:<LFHIbEPWHI[SU;3@JFR8:SUQsVoIL;:GCQT>���/�I[QT>=I6FHIgBe@JFHI�>OEb�JI0� Å ¤ ¡ EC;:KYp[ID<6ECVoViQT>=I[@JM^I6FHEPQTSU@J;�»21g°43C´
µ65O´Zµ·¾H»C±��g¼ µ·¼�°n± ´g±�´g¾87:9P� . @JF¸Vo@ pDhxIL;:I6FRGC\ >OECK=FH@J;�FHSU;:GJW6c�QT>:Ir�JILVo@Í<6SwQx\AQTILFH`�`jE \ K=@J`jSU;OEPQHI
`jEC�iSo;=G;�=< � EP;:KAp[I_WTEb\�QH>:I)@JM^I6FHEPQTSU@J;NSUW&1g´��o°4> µ65O´)µ·¾R»C±��g¼ µ¼�°n±§´g±�´g¾87:9Pc SU`jM=VU\ÍSo;:G�QH>OEPQ
QH>:IY�CI6VU@k<LSUQx\�<?>OEP;:GJIv@PB�EC;�@P�^hÎ`j@J`$I6;aQH9:`�MOEPFRQTSU<6VUI�SUWq`j@JFRIYSU`jM^@JFtQ?EC;aQ4QT>:EC;®QH>:IY<?>:EC;:GJIYSo;
@CFH8:SwQ'VoIL;:GCQT>��v�4>:I�>:SUGJ>:I6F�hx`$@J`$I6;aQT9:` MOECFtQTSU<6VoIPc�>OEb�ÍSo;:GrE�VoECFHGJILF��JILVo@Í<6SwQx\Jc�pqSoVUVs<L@J`$M:VoIgQTI¸E
FRIL�C@JVo9=QHSo@J;jQT9:FR;�So;)VUI6WHW�QTSo`$IqQT>OEC;)QH>:I�@J;Íhx`$@J`jIL;aQT9:`ÈMOECFtQTSU<6VoIPciFHI6WR9:VUQHSo;:GvSo;�EYBe@CFRp[ECFHK�WRVoSoM��
� 8a�ÍSo@J9=WHVU\CcaQTFTEP;:WHSwQTSo@C;¸@k<L<69:FRW�pq>:IL;jQH>:I��CI6VU@k<LSUQx\¸<?>OEP;:GJIqSoW�~R9:WtQ[EPW�SU`jM^@JFRQTEC;aQ�ECW+QT>=I�<?>:EC;:GJI
SU;�@JFH8:SwQ�VoIL;:GCQT>�ca@JF� �?� �s�4>:I�QHFTEC;=WHSUQHSo@J;¸IL;:I6FRGC\�SoW+K=I �O;:ILK)ECW�Â0@ � ' @ *rÌ ¨ EC;:K ' @ � ¤BADC8E ¨¡ �
�4>=I6FHI�ECFHIZECVUWH@]FHSU;:GJWLc�VUSo�CI)QH>:Iy�J� ¬ � I F � �G � � @ pH�+;:I6FRGC\ 7�;aQTSUM:FH@PQT@J;IGqSo;:G u � �+7�G�z
EP;:K�`_EP;i\j;:IgpqVU\jK:I6WRSoGJ;:ILK�@J;:ILWX� ¬ ��QT>:EPQD>OEb�CI';:I6GaEnQTSU�CI�`$@J`jIL;aQT9:`¸hx<L@J`jM:EC<LQHSo@J;�B·EC<LQH@JFHW[@JF
¤ ¡ < � �Z�x;NQT>=I6WHI_FHSo;=GJW6c VU@ p[ILFv`$@J`jIL;aQT9:`�MOEPFRQTSU<6VUI6W�>OEb�JI)VU@J;:GJILFY<LVo@JWRI6KA@JFR8:SUQHWY@CFYVoECFHGJILF
FHECK:SoECVDIgfk<L9:FHWRSo@J;:W�QT>:EC;�>=SoGJ>:ILF�`j@J`$I6;aQH9:`�MOEPFRQTSU<6VUI6W6� � I6GaEPQHSU�CIZ`$@J`$I6;aQT9=`�<6@C`jMOEP<LQTSU@J;
SU`jM=VoSoILWqEC;�SU`_EPGJSo;OEPFR\ ' @ EC;:K®QH>:IvWRVoSUMZB·EC<gQT@JFqpqSoVUV ECVUp[Eb\ÍW�8^IY;:ILGaEPQHSU�JIPc�SU;:K:SU<bEPQHSo;:G¸QT>:EPQ�QH>:I
FRSo;:G)pqSUVoVd8�I�EPVUp[E \ÍWX8^I6Vo@ p QTFHEC;:WRSUQTSU@J;��J�k@J`$I38^I6VoSUIL�CI3QT>OEPQ�WH9:<?>�FHSo;=GJW�pqSoVUVs8^I¸`$@JFHI3WtQ?EC8=VoI
EPGaECSo;=WRQ4<L@JVoVUI6<LQHSU�CI�So;:WtQ?EC8=SoVoSwQTSUI6W��)$©���K��I6WRSoGJ;rEP;:KrWRQT9=K=\�@CBd;:ILGaEPQTSw�JI'`$@J`$I6;aQT9:`.<6@C`jMOEP<LQTSU@J;
FRSo;:GCW4>OEb�JI�8�ILI6;®EC;�EP<LQTSw�JIX8:FHEC;:<?>Z@CB|FRI6WRIbECFR<?>1So;rEC<L<6ILVoI6FHEPQT@CF4M:>a\kWRSo<LW�VÀEnQTI6Vw\,�L(C��



¬ �U���®@J`$I6;aQH9:` � @J`$MOEC<LQHSo@J; ¬ h $

∆E∆E

τ
2

3

1

τ
2

3

1

(a) (b)
. SoGJ9:FRI ¬ �w�������	��
�
��������������
�������
����	����� ���!���"
#���$�"%$����&	'	���	�(�)*�	�(�+
,*�-�(�"
���.0/1�)2435�	�����-�(����6(7
���"
�68����
9�(�������!���"
���:#*�	�(�+
��(:<;�=�>$?��(�	'@'	�A�"�(�B%$�(���8�(�C���$��
��(�D6E
��"
���%(6(.F/HGI2BJK�"

��&"�L�E�����+
���7M���"
N�$�"OQPC�$PC
��D��&	PR*���L��������
(7M'"
��	�(�+
�'EGS6UTS7������L��V(
��W�������X���"
N�L�(PC
N*�	�(��

�(:Y;�=�>$?B�������"�$&	�Z�(�D6[�L�*�(�"%(
N���A
��"
���%(6(.<���	
B*���L��������
!�������\�����0
��K
��"
���%(6(7]'"
��	�(�+
�'AGS6
;�7]�����L��V(
��^
����L�-��
��Z�(�*'U%$�(���	�Z
��"
���%(6A:_���$P`���"
 a�$��������V(
B*���L�Y�(:����"
 ��:bV(�$������%(
N�,��V(
N���
*�	�(�+
Ncd;�=�> ? .����"
^*�������-����
K�������e�	��%$�"
��#
��"
���%(6(7*'	
��"�(�+
�'fGS69gS7������L��V(
����-���+
<�(�	'e���$�+
��

��"
���%(69Ga
����(&	�+
W�����+
�
������"
W��:4V(�$������%(
<�,��V(
 ����*�*�(�+
Nhd;�=�> ? .

�x;3@JFRK:I6FdQT@�>:E �CI[QT>=I[MOECFtQTSU<6VoILWs8=9:;:<?>:ILK�cÍE�Vo@C;:GJSUQH9:K:SU;OECVJBe@Í<69:WRSo;:G�Be@JFH<LI�pqSoVUVi8�I�FHI6li9:SUFHILK��
�4>=SoW�SUW�K:@J;=I38a\®QH>:I3So;aQHFH@ÍK:9:<LQHSo@J;®@CB�FRB�<6Eb�kSwQTSUI6W6� � @J;:WHSUK:I6F�QT>:FRI6I3MOEPFRQTSU<6VUI6W�ECFHFRSU�ÍSo;:GjSo;�QH>:I
�:FHWRQ�QT9:FR;1EPQ�Igf=EC<gQTVw\ZQH>:IvWHEC`$I�QHSo`$IYEnQ�E�<bEb�ÍSUQx\ZGaECM�c^pq>:ILFHI�QT>:IYFRB+WRSo;i9:WH@CSoKOECV GaEPM®�J@CVUQ?EPGJI
p[Eb�JI�SoWqEPQX�-, � ? cÉECW4WR>:@ pq;�SU; . SoG:� ¬ �w� E=�+7�VUV�QT>=FHI6IXMOEPFRQTSU<6VUI6WqECFRI'WHI6ILSo;:GfiLI6FH@$FRBd�J@CVUQ?EPGJIXEC;:K
EPFHI�;:@CQ�GaECSo;=So;:G�EC;a\$I6;:ILFHGC\�BeFR@J` QT>:I�FRB�p[Eb�JIP���4>=I�K:FHE pqSU;:Gv@PB�QT>:I�FRB��J@JVwQ?ECGJIqp[E �CI�So`$M:VUSoI6W
QH>OEPQ�QT>=I�FtB��J@CVUQ?EPGJI�EPQ�QT>:I�<bEb�ÍSUQx\�GaEPM$p[ECW�M�@JWRSUQHSU�JI�EXWH>:@CFRQ�QTSo`$IqECGJ@YEC;:K�pqSoVUV:8^I�;:ILGaEPQHSU�JI�E
WR>:@JFtQ4QTSo`$I�VoEPQTILF6�+7�WHWH9=`jI�QH>OEPQ4QT>=I'FHSo;=G3SoW4EP8�@ �JI'QHFTEC;:WRSUQHSo@J;)@CF � � � � � ;:I�QH9:FH;rVoEPQTILF6ckQH>:I
@C;khx`$@J`$I6;aQT9:`¿M:ECFRQHSo<6VUICcÉK:IL;:@CQTILK,8a\ ¬ So;®QH>:I �:GJ9:FHIPc�ECFRFHSw�JI6W�EPQ�QT>:IY<bEb�ÍSUQx\®GaECM1EnQ�Igf=EC<gQTVw\
QH>:IvQHSo`$IXpq>=I6;1QT>=IvFRB�WRSo;i9:WR@JSoKOEPVd�C@JVUQTECGJI�<69:Ft�JI3SUW�ECGaEPSo;®EPQ3� , � ? EC;=K1GaECSU;:W�;:@jI6;:ILFHGC\C��7DQ
QH>:SoW�`j@C`jIL;iQ6caQT>:I�M�@JWRSUQHSo@J;:W�@CB�QH>:I�QH>:FHILI�MOEPFRQTSU<6VUI6W�EC;:K_QH>:I�FtB pDEb�JI�ECFHI�WH>:@ pq;�So; . SoG=� ¬ �U�68��
�4>=I3Vo@ p�I6F�I6;:ILFHGC\®MOECFtQTSo<LVoIPcOK:I6;:@PQTI6K,8a\y�Jc�ECFHFRSU�CI6W�EPQ�QH>:IYGJECM�I6ECFHVUSoI6Fq8a\8j C cOpq>:SU<?>�p[Iv<bECVUV
µ·¼ ³_´ ����¼ ºs�j�ÎQYWHILI6W�QT>:I�M^@JWHSwQTSU�CI�MOECFRQ�@CB�QT>:I$FRB��J@CVUQ?EPGJI$EC;:KNGJECSo;:W'IL;:I6FRGC\J� . @CF�QT>:I$WHIL<6@J;:K
QH9:FH;�c�SUQ�ECFRFHSU�CI6W�EPQ�QH>:IvGaEPM1IbECFRVoSUI6Fq8a\@j C £kj ¨ c�pq>:ILFHIlj ¨ <mj C 8�IL<bEC9=WHIvQH>:IvMOEPFRQTSU<6VUIYIL;:I6FRGC\
>:ECW'8�ILI6;]FTEPSoWHILK1So;1QH>:I3WRI6<6@C;:K�M:ECWHWHECGJIC�X�4>:SUW'MOECFtQTSo<LVoIXpqSoVUVs<L@J;aQTSo;i9:I3QH@)GaECSU;1I6;=I6FHGP\�BeFH@C`
QH>:I3FtB�IL�JILFR\®QT9:FR;]EC;:K1SwQTW�QH9:FH;Íhx8a\ahÎQT9=FH;]ECK:K=SUQTSU@J;OECV�QHSo`$IYWRVoSUM�K:SU`jSU;:SoWR>:I6WL�	� �JIL;aQT9OECVUVU\Cc�QT>:SUW



¬ h ( ¬ � ������� �x���	��� � 7 ��
� 7������ 
 7 � �

M:ECFRQHSo<6VUI�pqSoVUV�>OEb�CIYEP;ZIL;:I6FRGC\�>:SUGJ>:ILFDQT>OEC;�QH>:I'@J;khÎ`j@J`$I6;aQH9:` M:ECFRQHSo<6VUI'EC;:KrWtQ?ECFtQTW4QT@�ECFRFHSw�JI
EnQ�QT>:Iv<bEb�ÍSUQx\1GJECM,VÀEPQHI6F�QT9:FR;]EPB QTILF�QT9:FR;�c�@JF�SUQTW�QT9:FR;khx8a\ahÎQH9:FH;,QHSo`$IvWHVUSoM®8�IL<6@J`$I6W';:ILGaEPQHSU�JIP�
�ÍSo`$SoVÀEPF�<6@C;:<6VU9:WHSU@J;�<6EC;N8^I�K:FTEbpq;yBe@JF'QT>:I$MOECFtQTSo<LVoIPcdK=I6;:@CQHI6K�8i\ $rSo;,QT>=I �OGC9:FHIPcsQT>:EPQ�>OECW
SU;:SUQHSÀECV�I6;=I6FHGP\ >:SoGC>:I6F3QH>OEC; QT>:Ir@J;Íhx`$@J`jIL;aQT9:`}MOECFtQTSo<LVoIP� / SUQH> QT>:I�FtB��C@JVUQTECGJI)p[E �CICc[QH>:I
@P�^hÎ`j@J`$I6;aQH9:` MOEPFRQTSU<6VUI6W pqSoVUV:@JWR<6SoVUVÀEPQHI4ECFR@J9:;:K�QT>:I�@J;khÎ`j@C`jIL;iQH9:` M:ECFRQHSo<6VUIqEC;:K$<6@J;aQHSo;i9:IqQT@
Be@CFH`�E�8:9:;=<?>��j�x;yFHI6ECVoSwQx\Jc�QH>:I�MOECFRQHSo<LVoI6W'VU@JWHI�EP;NEC`$@J9:;aQX@CB�I6;=I6FHGP\�����Ig�JILFR\,QT9=FH;yK:9:I�QT@
Wt\Í;:<?>:FH@PQTFH@C;yFHECK:SoEPQTSU@J;����4>:SoW�SUW�<L@J`jM^I6;=WTEPQHI6K,8a\�WR>:SUB QHSo;:G$QT>:IvFRB�M:>OEPWHI3WRVoSoGC>iQHVU\�BeFR@J` � , � ?
QH@���� � WHSU; ADC u ���RÃ��
	���z{ckpq>:ILFHI�
	��dSUW�QH>:I�FtB��J@JVwQ?ECGCI u QT>:I�M�I6EC�¸�CEPVo9:I�@CB�QH>:I�FtB�pDEb�CI zgcOWR@YQH>OEPQ
QH>:I$@J;khx`$@J`$I6;aQT9=` MOECFtQTSU<6VoI3pqSUVoVsWHI6I$QT>:I�FtB[�J@CVUQ?EPGJI�EPQXQT>:I�M:>:ECWHI�����pq>:IL;�QHFTEb�JILFHWHSU;:G®QH>:I
<6Eb�kSwQx\�GaECM����4>=SoW4MOECFtQTSU<6VoI'SUWqECVoWR@¸<bECVUVoILKrQH>:I���9P± ¹ 5Í¾T°n±�°n¶2��MOECFtQTSo<LVoIP�

���{� ����*10Y(+5L"j&�� "���! "�( 56"$&

�d@'`$IbECWR9:FHI[QH>:ID<?>OEPFHGJI4K:SUWRQHFHSo8=9=QTSU@J;YSU;¸E�8:9:;=<?>�cJp[I4<?>=@k@JWRIqE �=fkI6K�FRILBeI6FRI6;:<LIqM�@JSU;aQ�� ¡ ECVo@C;:G
QH>:I�FHSo;=GjEP;:K�M:9kQ�E�K:IgQTI6<gQT@JF�QT>:ILFHIP�[7 MOECFRQHSo<LVoI'So;ZE�8:9:;:<?>�SoWq<?>OECFHEC<LQHI6FHS_i6ILK�Vo@C;:GJSUQH9:K:SU;OECVoVw\
8a\Aj�ckQH>:I�QHSo`$I�SUQ[ECFRFHSU�CI6W4EnQ�� ¡ EC>:I6ECK�@CB QT>=I�WR\Í;:<?>:FR@J;:@J9=W�M:ECFRQHSo<6VUIC� /�I�FRI6<6@CFHK)QT>=I'EC`$@J9:;aQ
@PB�<?>OEPFHGJIqECFRFHSw�kSU;:G�pq>:IL;$QH>:I4QTSU`jI[ECK=�PEC;:<LI�SUW 8^ILQxp�I6I6;[jjEC;:Kej�£��"j��|�4>:IqFRI6WH9=VUQ�SoW���� u jÉz���j�c
pq>=I6FHI�� u jÉz�SoW�E)`jI6ECWH9:FRI¸@CB�QT>:I¸M:ECFRQHSo<6VUIvK:SUWRQHFHSo8=9=QTSU@J;! �EC;=K"�¸SUW�QT>:I¸M:ECFRQHSo<6VUIv<?>OEPFHGJIP�v�4>:I
EP<LQT9:ECV+VoSU;:IbECF�MOECFtQTSo<LVoI3K=I6;:WRSUQx\]M^I6F'9:;:SwQXVoIL;:GCQT>]SUW$# u jÉz � � u jOzHÃPÊÉc pq>:ILFHI$Ê�SoW�QH>:I3�JILVo@Í<6SwQx\
@PB[QT>=IjWt\k;=<?>:FH@J;=@J9:WvM:ECFRQHSo<6VUIC� � @CQHI¸QT>OEPQXQH>:SoWX<?>OECFRGJI$K:SoWtQTFHSU8:9=QHSo@J;,SUW�`$IbEPWH9:FRI6KAEnQvE&�=fkI6K
M^@JSU;iQ�8:9=Q�EPQ�K:Sw��ILFHIL;iQ�QTSo`$I6WL���4>:ILFHIgBe@JFHIPc�SUQ�SoWY±�°nµ�E_M^I6FRSo@ÍK:So<XBe9:;:<gQTSU@J;�@CB#j��'�x;1@J;:IYQT9:FR;�c
QH>:IX<?>OEC;:GCIYSU;)QTSo`$IXECK=�PEC;=<6IXSoW

Á9j � ! � � ¡{¥ Ç u¬ �&%Jz
�4>=IZ;=I6GaEPQHSU�CIZWRSoGJ; <L@J`$I6W�EC8^@J9=Q�8^I6<6EC9:WHI�QH>:IrM�ILFHSo@ÍK @CB�E,>:SoGC>:I6F�hx`$@J`jIL;aQT9:`}MOECFtQTSo<LVoI)SUW
VoECFHGCI6FqEC8^@ �JI'QTFHEC;:WHSwQTSU@J; u � � � zDEC;:KrQT>:ILFHIgBe@JFHIXSUQHWDQTSU`jI�@PB ECFRFHSw�CEPV�WHVUSoM:WL���9:FHSU;:G¸QT>OEnQ4QT9:FR;�c
QH>:IXI6;:ILFHGC\rGJECSo;:ILKr8i\_QT>:IXMOECFtQTSU<6VoI'FRI6VoEPQTSw�JI�QH@$QH>:IXWR\Í;:<?>:FR@J;:@J9:W�MOECFtQTSU<6VoI'SUW

Á�Â � �'�
	�� u WRSo;(� ! WRSo;(���tz ! �&� u ¥ z ! �)�x�Í£ �+*-,�.¡!/ ! �D¡'*-,�.¡ � / « u¬ �10az
pq>=I6FHI�QH>:I)WH9=8:WH<LFHSoMkQ+�rWtQ?EC;:K=W3Be@JF3WR\Í;:<?>=FH@J;:@C9:W�MOECFRQHSo<LVoIC�,�4>=I �OFHWtQ3QTILFH`�@C;AQT>:I)FRSoGJ>aQ¸SUW
QH>:I¸WHSU;i9:WH@JSUKOECVdFRB��J@CVUQ?EPGJI¸EC;:K1QH>:I3WRI6<6@C;:KyQHI6FR` SUW�QT>:IvFTECK:SoEPQTSU@J;�IL;:I6FRGC\J���4>:I3QH>:SoFRK1SoW�QH>:I
Eb�CI6FTEPGJIjp[EC�CIjBe@JFH<LIjK:I��O;:ILK So;]QT>:IjM:FHIg�kSU@J9:WYWHI6<gQTSU@J;NK:9=IjQT@�ECVoV+8^IbEP`�MOECFRQHSo<LVoI6W�EC>=IbECK32+SwQ
<6EC;rQT>:ILFHILBe@CFHIX8�I'pqFRSUQHQHI6;ZECWLcÉEC<6<L@JFHK:SU;:G¸QT@ . SoG=� ¬ � ¬ c

4�57698-:78-;':)<=;?>9@'AB:7C1@D@'698=>E8FC&6G@IHKJL@NM�;O>9PQ8-:�R)SGT�UVRF:WP'RF:YXZ:W@[8-X�<=;?>9R-AG:7\Q:W@OXZC18^]GH!_ORF6B`a;O:�R-:b6G@ITBUcR-:�P'R-:WXF:�@[8-X
PO>9RF8FCd<fe&:g@�h'`jik:�R7\Q:W@OXFCl8^]mXZ6V8F;?>E8onVU�prqOs^tBq(uwvyxz8-;':g8F6G8->Ge{@[hO`jik:�R76G|KPO>GRZ8-C&<�e1:YX3C1@m8-;':gi'h'@O<=;IH�}3;':�<=;O>GRFAB:
\Q:�@OXFC18^]Dik:W<f6B`c:WX�~YU?H



¬ � ¬ �+li9OEPQTSU@J;:Wq@CB,�®@CQHSo@J; ¬ h�%

0 2 1

0 2 1

0 2 1

τ

τ

’

Time

Location  s

tail head

τ~

τ’~ v

v

0

0

ahead

ahead

. SoGJ9:FRI ¬ � ¬ �Z�4�(��,���"
B�+6��	� �"���$�"�$&	��*������������
<> ����� ��VS�-�"%N�������"
!�������������$��� ���Y���"
<�L�-�"%".� ��'*'	��
�� �+
����C*������������
eT\�����L��V����"%U�����e������� �\����PN
9�('	V �(�	� 
��F�(�	' ��
�
����"%\���"
e�0�
	(

��
�:_�^GS6A�+�$&	�L� 
 *������������
9;f/HGa�(�+�+�$P�2Z�����L��VS���	%������C�Y�����A�9���-PC
C�('"V �(�*� 
���1.<���D&	�Z�+
��+�
*������������
Z��������� ¡(/���
���*2bGa
��	���	'C���$&"�L� 
Z*������������
(. ���	
��+�(���(�I�0�
	(
^:H�(�L� 
^�(� �����"%!�$� �+
��+�
*������������
<T ���#���"
B��&"a
���a�$���������$���(:����"
<�,�
	(
<:H�(�L� 
��Y� �$�)�+�L��G*&"�+
�'fGS69�(��� *�������-����
������e���	

G*&	�	� �9�������e����PN
W�('"V �(�*� 
���� �� �a.

*-, .¡ u jOz / � !
� ¨
�
���
� ��j  � u j  z�� ¡ u j  ! jOz Ç u¬ �! Jz

� @CQTSU<6I¸QT>:EPQXp[I$>OEb�JI�pqFHSwQHQTIL;�c Be@JF'<6@J;a�CI6;:SUI6;:<LICc|QH>:I$p[EC�PIjBe9:;:<gQTSU@J;yECW�ErBe9:;=<LQTSU@J;y@CB[QHSo`$I
EPK=�PEC;:<6I u j  ! jOz[So;:WtQTI6ECKr@CBdK:SoWtQ?EC;:<LI�"$# Ê ¡ u j  ! jOzgc:pqSUQH>�Ê ¡ K:IL;:@CQTSU;:G3QT>=IX�CI6VU@k<LSUQx\j@CBsQH>:I
Wt\Í;:<?>:FH@C;:@J9:WYMOECFRQHSo<LVoIC�¸�4>=I6FHI$SoWXEP;NECM=M:FH@bfkSo`jEPQTSU@J;1>:ILFHI$8�IL<bEC9=WHI�QT>:I�MOECFtQTSU<6VoILW'So;:WRSoK:I3QH>:I
8=9:;:<?>_QHFTEb�JILVÉpqSwQT>$WHVUSoGJ>aQTVw\3K:Sw��ILFHIL;iQ��CI6Vo@Í<6SwQx\J� �4>=I�ILFHFH@CF6capq>:So<?>jSoW+VUI6WHW�QT>=I6;Aj&%nÁ�ÊÉciSoW+WR`_EPVoV�c
pq>=I6FHIej&%_SoW�QT>:I3QH@CQ?ECVs8:9:;:<?>yVoIL;:GCQH>ySU;1QTSU`jIvEC;:KyÁ¸Ê�SoW�QT>:I¸`jEnfkSo`39=` �CI6Vo@Í<6SwQx\�WRM:FHI6ECKySo;
QH>:I�8:9=;:<?>����4>:SoW[SoWDEP<LQT9:ECVoVw\¸QT>:I�FRSoGJSUKkhx8=9:;:<?>)EPM:M:FH@bfkSo`jEPQHSo@J;��s�x;_QT>=I�WTEC`$I�EPM:M:FH@bfkSo`jEPQHSo@J;�c
p�IvK=@_;:@CQ�K:SUWRQTSU;:GJ9:SUWH>r8^ILQxp�I6I6; � EC;=K �D¡ cOQT>=IYMOEnQT>�VUI6;:GPQT>�@PB+EC;®@C�^hÎ`j@C`jIL;iQH9:`�M:ECFRQHSo<6VUI
EP;:K�QT>:EPQ�@CB|QT>:I3Wt\Í;:<?>:FH@C;:@J9:W'MOEPFRQTSU<6VUIC�q�4>:I3WRSoGJ;:W�So;;��lÉ� u�¬ �! Jz�EC;:K1SU;®BeFH@C;iQ�@CB *-,�.¡ u jÉz / So;
�+lÉ� u�¬ �10az�<6EC;�8^I�<?>:I6<?�PI6KA8a\]WRI6I6SU;:Grpq>:ILQH>:I6FXQT>:ILFHI�SoWXEP;�IL;:I6FRGC\,Vo@CWHW'pq>:I6;�WH9:8=WRQTSwQT9=QHSo;:G=c
QH>:I3p[EC�CI�@CB�c^Be@JF�Igf=EC`$M:VUICc�E)FRIbECVsFHILWHSoWtQ?EC;=<6I'� ¡ u jÉz �)('¥ u jÉz{�X�4>:I¸WR\Í;:<?>:FR@J;:@J9=WYM:>:ECWHI ���
SU; �+lÉ� u�¬ �&0azXSoWvE�MOECFHEC`jIgQTILFv<?>:@JWRI6; QT@18:ECVÀEC;=<6IjQH>:I)IL;:I6FRGC\NVU@JWHWvSo;AE®WRQT@CFTECGJI_FHSo;=G:c|@JFYQT@
EP<6<6@C`jM:VUSoWR>NEZK:I6WRSoGJ;:ILKAFTEnQTI$@CB4So;=<6FHI6ECWHIj@CB4IL;:I6FRGC\ySo;AEP;AEC<L<6I6VUI6FHEPQT@JFL���4>:I)Eb�CI6FTEPGJI_p[EC�CI
Be@CFH<6IqEP<LQTSU;:G�@J;¸QH>:I4WR\Í;:<?>:FR@J;:@J9=W�MOEPFRQTSU<6VUICc *F,�.¡ �W/ cJ<bEP;$8^I4@J8=QTECSo;=I6K3BeFH@C` �+lÉ� u�¬ �* Jzd8i\3VoILQRQTSU;:G
j �?� �



¬ hf0 ¬ � ������� �x���	��� � 7 ��
� 7������ 
 7 � �

�4>:I3Qxp�@�I6li9OEPQHSo@J;=W�@CB�`$@CQTSU@J;�EPFHI3FRI6VÀEnQTI6K�8�IL<bEC9:WRI3QT>:Iv`j@J`$I6;aQH9:` WHM:FRIbECK]SoW�FHILVÀEPQHI6K
QH@ZQH>:I�I6;:ILFHGC\]WRM:FHI6ECKN8a\ ¥�� Á�Â3Ã u Æ ¨¡ Â ¡ z{csEP;:KyQH>:I�FRB[M:>OECWRIjWRI6I6;�SoWXFHILVÀEPQHI6K,QT@rQT>=I$QHSo`$I
EPK=�PEC;:<6IPc

� ! ��� � !���� ¡ jy« u¬ �%,az
pq>=I6FHI � ¡ Ã u�¬�� z � �©Ã4� ¡ SoWdQT>:I�FHIg�J@JVU9=QTSU@J;YBeFRI6li9:I6;=<L\3@PBOQT>:I�FHSo;=G�Be@JFdQT>:I�WR\Í;:<?>:FR@J;:@J9:W+M:ECFRQHSo<6VUI
EP;:K � SUWdQH>:I�FtB:>OEPFH`$@J;:So<Pcnpq>=So<?>vSUWdQH>:I�;Í9=`38�ILFs@PBO@JWH<LSoVUVÀEPQHSo@J;:W�QT>:I�FRBkpDEb�JI[`_EC�PI6WsK:9:FHSU;:G�@J;:I
FRIL�C@JVo9=QHSo@J;_M�ILFHSo@ÍK�� �4>=I';:I6GaEnQTSU�CI'WHSUGJ;)@J;)QH>:I'FHSUGJ>aQDWHSUK:I�@CB��+lÉ� u¬ � ,Jz�<6@J`$I6WDEC8�@C9=Q48^I6<bEP9:WHI
pq>=I6;_QH>:I�M:ECFRQHSo<6VUIqECFHFRSU�CI6W�IbECFRVoSoILF+@JF�j �=� ciSUQ�WHILI6W[EYFRB�M:>OECWRI�´H»C¾ ��¼�´g¾�QH>OEC;jQH>:I�WR\Í;:<?>:FR@J;:@J9:W
M=>OECWHI ��� u WHILI . SoG:� ¬ �U� zg� /�FHSUQHSo;:G3ECW��C¼ � ¹ ¾?´gµx´�K:Sw��ILFHI6;aQHSÀECV�I6li9OEPQHSo@J;:WLc:QT>:Ig\r8�IL<6@J`$I

��j
�	� � !

� � ¡
Æ ¨¡

Á�Â
Â ¡ « u¬ ��
az

�iÁ�Â
�	� � �'�
	��H� WHSo; u ��� !���� ¡ jOz ! WHSU;D���x� ! �d� u ¥ z ! �)�x�Í£ �D¡�I*-,�.¡!/ ! *-,�.¡ � /�� Ç u¬ �U� � z
�d@ZWRSo`$M:VoSwB \�Be9=QT9=FHI3`jEPQT>=I6`jEPQTSU<bECVdK:I6FRSU�PEPQHSo@J;:WLc�E)<L@J;aQTSo;i9:@C9:W'So;:K=I6M^I6;:K:IL;aQ��PECFRSÀEC8=VoIvSUW

;=I6I6K=I6KrSo;:WtQTI6ECK�@CB QT>=I�K:SUWH<6FRILQHI�QT9:FR;�;i9:`38^I6F��s�+�4So`$I�SUW[;:@CQ4EvGJ@Í@kK$�CEPFHSÀEP8:VoI�>:I6FRI�8^I6<bEP9:WHI
M:ECFRQHSo<6VUI6W�pqSUQT>_K:SU��I6FRI6;aQ4I6;=I6FHGCSoI6W[<6@J`$M:VoIgQTI�@J;:I�FRIL�J@CVo9=QHSo@J;_QH9:FH;�SU;)K:Sw��ILFHI6;aQDQHSo`$I�SU;aQTI6Ft�PECVoWL�
� �CI6;]Be@JF�@J;:IvMOECFRQHSo<LVoICc�SUQHW�I6;:ILFHGC\�@JWH<LSoVUVÀEPQHI6W�pqSwQT>,Wt\k;=<?>:FH@CQHFH@J;]`$@CQTSU@J;1EP;:K]WH@�SoW�QT>:I3QHSo`$I
Be@CF�<L@J;:WRI6<69kQTSU�CIYFRIL�C@JVo9=QHSo@J;�QH9:FH;:WL�K/�I�<?>:@k@CWHIXSo;:WtQTI6ECK �Jc:QH>:IYK=SoWRQTEC;:<LI�`$IbEPWH9:FRI6K®ECVo@J;=G�QH>:I
<LVo@JWRI6K�@JFH8:SwQX@CB[QH>:I�WR\Í;:<?>:FR@J;:@J9=W3MOECFtQTSo<LVoIPc 8�IL<bEC9:WRIjQH>:IjSU;:<6FRIbECWRIjSU;"�jM�ILFYFRIL�C@JVo9=QHSo@J;,QH9:FH;
SUW¸ECVwpDEb\ÍWvQT>=I�VoI6;=GCQT>A@PB�QH>:I)<LVo@JWRI6K @JFR8:SUQ�� �D¡ @CBqQT>:I)Wt\Í;:<?>:FH@C;:@J9:W$MOECFtQTSo<LVoIPc|FHILGaECFRK:VoILWHW¸@CB
QH>:I�`$@J`jIL;aQT9:` @C��WHIgQ�@CBqQT>:I)8^IbEP`�MOECFtQTSU<6VoI$9:;:K=I6F¸<6@C;:WHSUK:I6FHEPQTSU@J;��]�4>:SoWYQTFTEP;:WHSwQTSo@C;�BeFH@C`
K=SoWH<LFHIgQTI'QT9:FR;r;Í9=`38�ILF��1QT@¸QT>=I'<6@J;aQTSU;i9:9:`mSUW4E¸GJ@k@ÍKrECM:M=FH@bfkSo`jEPQTSU@J;�cÍ8�IL<bEC9:WRIXSo;�FHI6ECVoSwQx\_SwQ
QTEC�CILW�E�M:ECFRQHSo<6VUI�`jEC;a\ u # % � QT@�� �:� So;�I6VUI6<gQTFH@C;ZFRSo;:GCW4EC;:K # ¬ � � QT@r� � � � So;�M:FR@CQT@J;rFRSo;:GJWTz
FRIL�C@JVo9=QHSo@J;�QT9:FR;:W3QT@,<L@J`jM=VoILQHI)E�Wt\Í;:<?>:FH@PQTFH@C;�@JWR<6SUVoVÀEnQTSo@C;�c|EP;:K SUQYQ?EC�PI6W3QT>=I)8�I6EC`�E®VÀECFRGJI
;i9:`v8�ILF�@PBsQH9:FH;:WqBe@JFqEC;rSU;:WRQTEC8:SoVUSUQx\�QT@�K:Ig�JILVo@JM��

/ SUQH>@j1EC;:K,Á�Â�EPW�QT>=Iv<bEP;:@J;:SU<bECV �PECFHSoEC8:VUI6W��Rc^QH>:IvILlÍ9:EPQTSU@J;:W�@PB+`j@PQTSo@C;ZBe@JF�EjM:ECFRQHSo<6VUI
SU;ZE�WR`_EPVoV�8:9=;:<?>�8^I6<L@J`jI ��j

�I� � !
�

Ê ¡?Æ ¨¡ Â ¡ Á�Âm« u¬ �U�C�©z
�iÁ�Â
�I� � �'�!	 �

�D¡�� WHSU; u ��� !���� ¡ jÉz ! WRSo;(����� !
� u Á$Âvz ! ���

�D¡ £ *-,�.¡ u j=«9�©z / ! *-,�.¡ � u �©z / Ç u¬ �U� ¬ z
� JL@DXZhOiOXZ:��[h':�@[8�<=;O>GPQ8F:WR-XWTB8F;':)XZh'i?XF<�RFC&PQ8�� �"!BC1@�#%$GT'&($GT*)+$[T-,.$GT0/*$GT�:f8=<�|r6GR�8F;':�XF][@?<=;'RF6B@'6Gh?X!PO>9RF8FCd<fe&:7` > ]

i?:g6B`VC18Z8-:W\mC&@m6BR-\':�Rz8F6�XFC1`cP'e&C1|r]�8F;O:g@'698=>E8FC&6G@IH1 }3;'C&XyXZ:�8�69|7<�>G@'6G@OC&<W>9e32E>9R-Cd>9i'e&:WX�XF;'6Bh'e&\ @'6G8jik:DhOXF:W\ C1|�8F;':D>B<�<�:�e&:�R=>E8F6BRgC&X�R->G`VPOC1@'A?H(JL@?X^8-:W>G\ 8-;':DXF:f8
q.4�5 $ >G@O\�67&84�5 $ CdX3P'R-:f|r:WRFR-:W\



¬ � ¬ �+li9OEPQTSU@J;:Wq@CB,�®@CQHSo@J; ¬ h  
7�VUQH>:@J9:GJ>�@C;:I'`_Eb\_ECVoWR@39:WRI�� � �©ÃPÊ ¡ ECWDQT>:I'SU;:K:ILM�IL;:K:I6;aQ4�PECFRSÀEC8:VUICcip[I'p[EC;aQ4QT@¸IL`jM:>:ECWHS_i6I
QH>OEPQ�QT>:SUW��qSoWqQT>=IvQTSU`jI�K:I6WR<6FRSo8:SU;:GjQH>:I3WR\Í;:<?>=FH@J;:@C9:W'MOECFtQTSo<LVoIYEC;:K1SUWY±�°nµqQT>=IYQTSU`jIX�PECFHSoEC8:VUI
Be@CF'EC;]@C�ÉhxI6;=I6FHGP\1MOECFtQTSU<6VoIP�X�4>Í9=W6c QT>:I¸SU;:K:ILM�IL;:K:I6;aQX�PECFHSoEC8:VUI��¸SoW�li9:SwQTI¸K:Sw��ILFHI6;aQ�BeFR@J` QH>:I
QHSo`$I��PECFHSoEC8:VUIC�

� ILQ�9:W��:FHWRQ$;:ILGJVoIL<LQ3QH>:I)p[EC�CIZM�@PQTI6;aQHSÀECV[EC;:K ECVUWH@1QT>=I�WH`jECVoV�K:SU��I6FRI6;:<LI�8�IgQxp[ILI6;�QH>:I
IL;:I6FRGC\3VU@JWRQ|8a\vQT>=ID@C�Éhx`$@J`jIL;aQT9:` MOECFtQTSU<6VoI � u ¥ z EC;:K3QH>:IDI6;=I6FHGP\3Vo@CWRQ 8a\YQT>:ID@C;khx`$@J`$I6;aQT9:`
M:ECFRQHSo<6VUI �)�L� . @JF4WR`_ECVUV�EC`$M:VUSUQT9=K:I�@JWR<6SoVUVÀEPQHSo@J;=W6caQT>:I'Qxp�@_ILlÍ9:EPQTSU@J;:W4<6@C`38:So;=IXQH@�GJSU�CI

� ¨ j
�I� ¨ !

¬�� � � �'�
	��C<6@JW����� ¨¡ Æ ¨¡ Â ¡ j �?� Ç u¬ �U�-$az
�4>=I6FHIgBe@JFHIPc|QT>=Ij8:9=;:<?>AMOECFtQTSU<6VoILW�ECFHI�@JWR<6SoVUVÀEPQHSo;:GjpqSUQT>yQT>:IjEC;:GC9:VÀECF�BeFRI6li9:IL;:<L\ � � ¡v��� � ¡ � ¡ c
pq>=I6FHI

� � ¡D� !
� � �'�!	 �J<L@JW����¬"� Æ ¨¡ Â ¡ u¬ �U� (iz

SUW�<bECVUVoI6K¸QH>:I ��9n± ¹ 5Í¾T°nµ¾T°n±rµ·¶k±�´ @JF+QT>:I�;i9:`38^I6F�@CB�Wt\k;=<?>:FH@CQHFH@J;_@JWH<LSoVoVoEPQTSU@J;:W|E�MOEPFRQTSU<6VUI�`jEC�PI6W
SU;Y@C;:I[FRIL�J@CVo9=QHSo@J;XQT9:FR;�cPEC;:K � � ¡D��� � ¡ � ¡ QT>:I0��9P± ¹ 5Í¾T°nµ·¾T°n±)»C± 7C¶ �w»C¾^½{¾T´��6¶O´g± ¹ 9P�s�4>:I�WH9:8:WR<6FRSoM=Q
� �
	 SU;:K:So<6EPQTILW�QH>OEPQ�QT>:ILWHI�EPFHI�QT>:I®¶k±CºO´g¾{µ·¶k¾ 1g´��NWH`jECVUVwh�EP`jM:VUSUQH9:K:IX�CEPVo9:ILWv@JFXpqSUQH>�QT>=Ijp[EC�CI
M^@CQHI6;aQTSoECV�QH9:FH;=I6K @C�s�,�4>:I�;:I6GJEPQTSw�JI)WRSoGJ;ASU;:WHSUK:I_QH>:I)WHli9OEPFHI�FH@Í@CQvSo`$M:VoSUI6W'QT>OEnQ ���XWH>:@C9:VoK
8^I¸;:I6ECF�� , � ? SU;]QH>:I¸WHIL<6@J;=K�li9OECK=FTEC;aQYEC8^@©�CI¸QTFTEP;:WHSwQTSo@C; u � � � zgc 8:9kQY;=IbECF � ? SU;1QT>:I �OFRWRQ
li9OEPK:FTEC;aQ+8^I6VU@ p QTFTEP;:WHSwQTSo@C; u �&< � z{�B�Í\Í;:<?>:FR@CQTFR@J;¸`$@CQTSU@J;YSUW|WRVo@ p�EC;:KvQH>:IDWt\k;=<?>:FH@CQHFH@J;¸QH9:;:I
SUW49:WH9:ECVoVw\_@CB QH>:IX@JFHK:ILF4@CB � � � � �'QT@ � � � �J� / >=I6;rQT>:I'@JWR<6SUVoVÀEnQTSo@C;)EC`$M:VoSwQT9:K=I�8^I6<6@C`jILW4VÀECFRGJI6FLc
QH>:I�FtBsWRSo;:I�pDEb�JI'<6EC;:;:@PQ48�I�VoSo;=IbECFRSHi6ILK��|�4>=I�Be@k<L9:WHSU;:GvBe@JFR<6I�SUW[WH`jECVUVoI6F�EC;:K)QH>:I�Wt\k;=<?>:FH@CQHFH@J;
QH9:;:I � �vBe@JF�`jEnfkSo`39=`�M:>OEPWHIZIgfk<69:FRWHSU@J;���¯pqSoVUVD8�IL<6@J`$IrWH`jECVoVUI6F¸EPWjSUW¸WH>:@ pq;�SU; . SUG:� ¬ �%$
EP<6<6@CFHK:SU;:G¸QT@

� � u ���z � � � � ¡
¬
 u WRSo; C¨ ��^z

« u¬ �U�Q%Jz
pq>:I6FRI

 u�� z � ��� E ¨
¡

���
� � !

� ¨ WHSo; ¨ �
u¬ �U��0az

SUW�QT>:I]<6@C`jM:VUILQHIyILVoVUSoM=QHSo<�SU;aQTI6GCFTECV'@CB�QT>=I��OFRWRQZ�iSo;:K�� �4>:SUW®M=FHI6K=So<LQHSo@J; >OEPWZ8^I6IL;Ë�CI6FHS �OI6K
I{fkM�ILFHSo`$I6;aQTECVoVw\_EnQDQT>:I'�x;=K:SÀEC;:E ��;:Sw�JI6FRWHSwQx\ � \Í<6VU@CQTFR@J; . EC<6SUVoSUQx\ u � � � . z � @k@JVUI6F0GqSo;=Gr�1%©���+�x;
QH>:I)WR`_ECVUVwhxEC`jM=VoSUQH9:K:I¸EPM:M:FH@bfkSo`jEPQHSo@J;�c p�I)>OEb�JI � � u ���z ��� � ¡ a� ! C

C ¨ �� ¨ � ���x; @CQT>:ILFYp�@JFHK=W6c
QH>:I6FRI�pqSUVoV�8�I�E�WHM:FRIbECKZSo;�QT>=IYWt\k;=<?>:FH@CQHFH@J;ZQT9:;=IYEP`j@J;=G�QH>:IXMOECFtQTSo<LVoILW4So;�QT>:IX8:9=;:<?>�cÉpq>:So<?>
pqSUVoVi8^I��JILFR\YI6WRWHI6;aQHSÀECVÍQT@�QH>:I � EC;:K:EC9vKOEP`jM:SU;:G�@PB:QT>:I�<6@JVUVoIL<LQTSw�JI�So;:WtQ?EC8=SoVoSwQTSUI6W�QT@�8�I�K:SoWR<69:WRWHILK
VoEPQTILF6��7�W�QT>=I3@JWH<LSoVUVÀEPQHSo@J;ZEC`$M:VoSwQT9:K=IY<L@J;aQTSo;i9:ILW�QT@)SU;:<6FRIbECWRICc EjM�@JSU;aQ�pqSoVUV 8�I3FRIbEC<?>=I6K,pq>:I6;



¬ h , ¬ � ������� �x���	��� � 7 ��
� 7������ 
 7 � �

. SoGJ9:FRI ¬ �%$I�������(�����"���Y���"% ���"
W�+6��	�L�	���(�+���$�e:H��
��S&"
��	� 6�'	
�� ��
��(�����"%C�+����
���� ���#���"
K
�'"%(

�(: ���	
K��:4G�&	� 	(
���.

QH>:I6FRI�SoWY;:@1`$@JFHI$Be@k<L9:WHSU;:G1M:FR@©�ÍSUK:I6K 8a\yQT>:I)FtBq�J@JVwQ?ECGJI_EC;a\Í`j@JFRIC�1�4>=SoW38^@J9:;:K:ECFR\�So;NQH>:I
jÍh�Á�Â�M:>:ECWHI1WRMOEC<LI,M:FH@ �ÍSoK:ILW_QT>=I1`_E©f=SU`39:`�M^@JWHWRSo8:VUI�8:9=;:<?> ECFHI6EAECVoVU@ p[ILK§EC;:K�SUW_<6ECVoVUI6K
QH>:IA¾ ½ 16¶ ¹�� ´gµj>:@JVoK=So;:GyQT>:I18=9:;:<?>�� 7�;a\¯MOECFRQHSo<LVoIrQT>OEPQ)GJ@kILW)@J9=QHWHSUK:I�QT>=I18:9:<?�PILQrpqSoVUV�8^I
VU@JWRQ6�3�4>:I�I6li9OEnQTSo@C;y@PB�`$@CQHSo@J;1SUW6c SU;]B·EP<LQbc I{f=EC<LQHVU\1QH>OEPQ'@CB[E�M�IL;:K:9:VU9:`Zc�pq>:@JWHI¸BeFRI6li9:I6;=<L\
@PB�@JWR<6SoVUVÀEPQHSo@J;NK:I6<LFHIbEPWHI6W$pqSUQH>¯EC`$M:VUSUQT9=K:IC� �ÎB�p[I®WRQ?EPFRQ�QT>:IrM^I6;:K=9:Vo9:`�`$@CQHSo@J; EPQ$SwQTW�FHILWRQ
M^@JWRSUQTSU@J;1pqSUQH>1QT@Í@rVÀECFRGJI¸E��iSo;:IgQTSo<¸IL;:I6FRGC\Jc QH>:I�M�IL;:K:9:VU9:` pqSUVoV|;=@ZVU@J;:GJILF'8�I¸SU;,@JWH<LSoVUVÀEPQH@JFR\
`$@CQHSo@J;��$�ÎQXpqSoVUV|pqFTECMNECFH@C9:;:K�QH>:I$M�@JSU;aQX@CBDWR9:M:M^@JFRQYM�ILFRBe@JFR`jSU;:GrVoSU8:FTEPQHSo@J;=W�So;:WtQTI6ECK��_�4>=SoW
<LFHSwQTSo<6ECV+EC;=GJ9:VÀEPFXEC`jM=VoSUQH9:K:I3@PB[QT>=I$M^I6;=K:9:Vo9=`�SoW�� � csI{f=EC<LQHVU\,QT>=I$WHEC`$I�Be@CFXQH>:I�FRB[8:9:<?�CIgQb�
. SoGJ9:FRI ¬ �)(�SoVUVo9:WtQTFHEPQTILW�WH@C`jI3WtQ?EPQHSo@J;:ECFR\Z8:9:<?�PILQHW u pq>:I6;,QT>=I¸WR\Í;:<?>:FR@J;:@J9:WXM:>:ECWHI ��� � � , � ?
EP8�@ �JIDQHFTEC;=WHSUQHSo@J;OzsEC;:K�`$@ �kSU;:G�@JF EC<6<LI6VoILFTEPQHSo;:G�8:9:<?�CIgQTW u pq>:IL;+���sSUW 8^ILQxp�I6I6; 
 � ? EC;=K�� , � ? z{�
�4>=I �OGC9:FHI�ECVUWH@rWH>=@©pqWXQT>=I3QTFTE ~RI6<LQH@JFHSUI6WX@CB�VoSU8:FTEPQHSo@J;®@J9=QHWHSoK=I3QT>:I�8:9:<?�PILQHW6�_�4>=I$>=@JFHS_i6@J;aQ?EPV
E©f=SUW�SoW)QH>:I]FRBYM:>OECWRI u So;:WtQTIbEPK @PBYQH>:I,QTSo`$I,ECKk�CEP;:<6I]9:WRI6K SU; . SoG:� ¬ �w�©zG2'QT>=I]QHFTE©~RIL<LQH@JFHSUI6W



¬ � ¬ �+li9OEPQTSU@J;:Wq@CB,�®@CQHSo@J; ¬ h 

QH>:I6FRILBe@JFRIX`j@ �JIX<LVo@Í<?�ipqSUWHI u SU;:WRQHIbECKZ@CBs<6@J9=;iQHI6F�hx<6VU@k<?�apqSUWHIXSo; . SUG:� ¬ �w�©z{�

�ÎB QT>:I�FTECK:SoEPQTSU@J;$I6;:ILFHGC\_SoW[;=I6GJVUI6<LQHI6K�cÍQT>:I�Qxp[@�I6li9OEnQTSo@C;:WD@CB `$@CQTSU@J;jECFHI�K=I6FHSw�PEC8:VoIqBeFH@C`
QH>:I � EC`$SoVwQT@J;=SÀEC;

� � !
�

¬ Ê ¡?Æ ¨¡ Â ¡ u Á�Â3z ¨ !
�'�
	��

�D¡ ��� ¡
� <L@JW u ��� ! ��� ¡ jÉz ! <6@JW���� ! � � ¡ jqWRSo;(������£�� u jÉz�« u¬ �U�� Jz

pqSwQT>�QT>=IYEPSoKr@CBdQT>:I � EP`jSUVUQT@C;:SÀEC;jI6li9OEPQHSo@J;=W
���� ���

��j
�I� � � �� Á�Â «

�iÁ�Â
� � � ! � �� j Ç

u¬ �U�-,az

�4>=IYM^@CQTIL;aQTSÀEPV�@CBdQT>:I'p[EC�CIXBe@JFH<LIXSoW4GJSw�JI6;r8a\

� u jÉz � � ¨
�D¡

� �
¡ �"j   � � �

A �
��j  � u j  z � ¡ u j  ! j   z ! � �

A �
��j  � u j  z�� ¡ u j  z � Ç u¬ �U�*
az

�4>=I�WRI6<6@C;:K QTILFH` SU;§QT>:IyWHli9OECFRI6KË8:FTEC<?�PILQHW�<6@C`jILWZBeFR@J` *-,�.¡ �Y/ c�QT>:I]IL;:I6FRGC\ Vo@JWtQr8i\§QH>:I
Wt\Í;:<?>:FH@C;:@J9:WXMOECFtQTSU<6VoI�K:9:IYQT@_QH>:Ivp[EC�CI¸M^@CQTIL;aQTSÀEPVs@CB+QH>:Iv�PEC<L9:9:` <?>OEC`38^I6FL�'�x;��+l^� u�¬ �w�  Jz{c
QH>:I1<L@JW����¸QTILFH` SoWjECK:K:ILK�QT@ ECK©~R9:WRQ)QH>:I1FtBXM�@CQHI6;aQTSoECV4QT@ iLI6FR@ABe@JFjWt\Í;:<?>:FH@C;:@J9:WrMOECFtQTSU<6VoILW
u j �?� zg� . @JF4WR`_EPVoVwhxEC`$M:VoSwQT9:K:Iq@JWR<6SUVoVÀEnQTSo@C;:W6caQT>=I � EC`$SoVUQH@J;:SoEC;_WRSo`$M:VoS �OI6W[QH@

� � !
�

¬ Ê ¡?Æ ¨¡ Â ¡ u Á�Âvz ¨ ! � ¨� ¡ Æ ¨¡ Â ¡
¬ �ÍÊ ¡ j ¨ £ � u jÉz�« u¬ � ¬ � z

pq>=I6FHI � � ¡[� � � ¡ � ¡ c:QT>:I�WR\Í;:<?>:FR@CQTFR@J;,EC;=GJ9:VÀEPFDBeFHI6li9:IL;:<L\rBe@JF4WR`_EPVoV EC`$M:VUSUQT9=K:I6WLc:SoWqGJSw�JI6;Z8a\
�+lÉ� u�¬ �w�-(iz{�

�x;�EC; I6VoIL<LQHFH@J;�FHSU;:G:c�WR\Í;:<?>:FR@CQTFR@J;�FTECK:SoEPQTSU@J; `jE \NM:FH@ �ÍSoK=I�KOEC`$M:So;:G1QH@]`_EC;a\ <L@JVoVUI6<{h
QHSU�CI3So;:WtQ?EC8=SoVoSwQTSUI6W6�
	[IL<bEC9:WRI3QT>:SUW�KOEC`$M:SU;:GjBe@JFR<6I3SUW�K:SUWHWRSoMOEPQHSU�CIvSo;�;OEPQT9=FHICc�WRQTFRSo<gQTVU\ZWRM�I6EC�iSo;:G
E � EC`$SoVwQT@J;=SÀEC;)Be@JFR`_EPVoSoWR`�K:@ÍI6W�;:@CQ�ECM:M:Vw\J� � @ p�IL�CI6F6c�QT>:IYWR\Í;:<?>:FR@CQTFR@J;,FTECK=SÀEPQHSo@J;rKOEC`$M:SU;:G
QHSo`$I[SUW 9:WH9:ECVoVw\Y�CI6FR\3`39:<?>�Vo@J;=GJI6FdQT>OEC;¸QH>:IDWR\Í;:<?>=FH@CQHFH@J;$M�ILFHSU@kK��s�4>:IDB·ECWtQ+GJFH@ pqSU;:G'So;:WtQ?EC8=SoVwh
SwQTSUI6WspqSUVoViIL�C@JVU�CIDQT@�QH>:I6SUFsBe9:VUVkI{fÍQTI6;aQ�8^ILBe@JFRI[QT>=IDKOEC`$M:So;=G�`$I6<?>OEC;=SoWH` 8^I6<6@C`jILW `_EnQTI6FRSÀECVUSHiLI6K��
� I6FRICc=p�I'ECFRI�So;aQTILFHILWRQTILK�`j@CWRQTVw\$So;_WtQT9:Kk\kSU;:G3QT>=@JWHI�SU;:WRQTEC8:SUVoSUQHSoILW QT>OEPQ[GJFH@ p pqSUQH>:So;j@J;:I�FHECK:S h
EnQTSo@C;¸KOEC`$M:So;:G�QHSo`$ID@CB^QT>:IqFRSo;:G:� . @JF�E�QTSo`$IDM^I6FRSo@ÍK¸`39:<?>$VoI6WRW+QT>OEC;�QT>=I�FHECK:SoEPQTSU@J;3KOEC`$M:SU;:G
QHSo`$ICc:FHECK:SoEPQTSU@J;)<bEP;®8^I';:I6GCVoI6<gQTILK1EC;:K�QH>:I � EC`$SoVwQT@J;:SoEC;jBe@CFH`jECVoSUWH` QT>:ILFHIgBe@JFHI�ECM:M=VoSoILW6�



¬ h?� � ¬ � ������� �x���	��� � 7 ��
� 7������ 
 7 � �

. SoGJ9:FRI ¬ �%(I�����"
N�+� ���5
�� �+�(�L��
��B���E���"
 ���$�"%$����&	'	���	�(� *�*�(�+
N�+*�(� 
l��GI� V(
 ���"
��+�L�(�	���������$�

��"
���%(6(.9�M�(@*���(�W���"� ���W���	
 �+���������$�	���L6\G�&	� 	(
����B���"
��X���	
 �+6��	�L�"�L�$�"�$&	�K*�*�(�+
��k¡��
;�=�>$?�. � �-'	'	��
l�(�	'F�����0
��C*���(��� ���"� � ���"
ePC��V����"%\�(�N�(��� 
���
��L�������	%\G�&	� 	(
���� ���	
��@���	

�+6S�*�L�"���$�	�$&	�N*�*�(�+
�� ����
(7#�L
��+a
�� ����V(
���6(7��k¡�� ;	��>$?A�(�	'd;�T�>$?�. ���"
APC��V����"%EG�&	� 	(
����
���"�L��� 	f���"
��\���"
N�+6��	� �"���$�"�$&	�^��	�(�+
N'"
�� ��
��(��
��K:_�L�$P ;�=�>$?!�+���,���L'	��
�>$? .�Y�(����� 
N���*���
���"
Y�"�(� � ���$�)���(�I���"�����-�b���"
Y��:a*�	�(�+
 /1���	�+�+
��('��(:]�����L��V��(�	���-PC
������ ��%".�TS.�;�2������"
^'	����
�� �����$�	�
�(: ���	
K�+�L���5
�� �+�(� ��
��Y���L
K���"
���
�:H�(��
<������� 	S�����+
W��Ga� V(
<�+�L�(�	�L�������$� .



¬ � $�F�VoECWH@ ���+li9OEPQHSo@J; ¬ hT�J�
����� ���L0 �|"�� ����*10Y( 56"$&

/�IXp[@J9=VoK�VUSo�PIXQH@jWtQT9:Kk\ZQH>:I�IL�J@CVo9=QHSo@J;r@CB Ej8:9:;=<?>�QT>OEnQ�<L@J;aQ?ECSU;:W6cÉWHE \Ccs� � C ¨ MOEPFRQTSU<6VUI6W6���4>:I
� EC`$SoVUQH@J;:SoEC;_SU;��+lÉ� u�¬ �U�  Cz[>OECW4QT@�8^I�`$@ÍK:S �OILK)QT@$So;:<LVo9:K=I¸� � C ¨ WHIgQTW�@CB|<6EC;:@J;=So<bEPV��PECFHSoEC8:VoILW
SU;N@JFRK:I6F�QT@�Be9=VoVU\1K:I6WR<6FHSU8�IjQT>:Ij8:9:;:<?>��®�4>:I)K:ILWH<LFHSoMkQTSo@C;A@CBDQH>:I_`$@CQTSU@J;y@CBqE�<L@JVoVUI6<LQHSo@J;y@CB
� � C ¨ M:ECFRQHSo<6VUI6W�SoW+�i;:@ pq;_ECW+QT>:I4º=»C¾{µ¼ ¹ �o´�»gºaº^¾T°6» ¹ 5ÍciEC;:K$SoW+@PB QTI6;�Q?EP<?�ÍVUI6KjSo;¸QT>:I4QHSo`$I4K:@J`jECSo;��
� @ p[Ig�JI6FLc�pq>:EPQ¸ECFRI_@CBqSU;aQTI6FRI6WtQvQT@�9:W¸ECFRIjQT>=I_<6@CVoVoIL<LQHSU�JIj8�IL>OEb�ÍSo@JFRWv@CBDQH>:I)8:9=;:<?> VoSU�CIjQH>:I
`$@CQHSo@J;$@CB SUQHW�<LI6;aQTFR@JSoK�ckQT>=I�IL�C@JVo9=QHSo@J;j@CB�QH>:I�MOECFtQTSU<6VoI�K:SUWRQTFRSo8:9kQTSo@C;�ciILQT<P�+�x;)@CQH>:I6F�p[@JFRK:W6ckp[I
EPFHI'WRQH9:K=\ÍSo;=G$>=I6FHI�QH>:I'IL�C@JVo9kQTSo@C;)@CB �PECFHSU@J9:WD`$@kK=I6WD@CBd`$@CQTSU@J;)@CB QH>:I6WRI�<L@JVoVUI6<gQTSU�CI��PECFRSÀEC8:VUI6WL�
. @JF+� � C ¨ MOECFRQHSo<LVoI6WLc QT>:ILFHI�ECFRI�� � C ¨ `j@ÍK:I6W @PB=`$@CQTSU@J;�� � @©p�IL�CI6FLcPp�I�pqSUVoVC;=IL�JILF 8�I�So;aQHI6FHILWRQHI6K�So;
QH>:@JWRI�`j@ÍK:ILW�pq>:@JWRI�p[E �CI6VUI6;:GCQH>:WqECFRI�@CB QH>:I�@JFRK:I6F�@CB QT>=I�WHILMOECFHEPQTSU@J;)8^ILQxp�I6I6;�Qxp�@�ECKn~HEC<LI6;aQ
M:ECFRQHSo<6VUI6W�So;:WRSoK:IqQT>=I�8:9:;=<?>�c:8^I6<bEP9:WHI�QH>:IL\j<6@CFHFHILWHM^@J;:K_QH@3`$@CQTSU@J;:W�@CB��CI6FR\_>:SoGC>jBeFHILli9:I6;:<LSoILW6c
EP;:K¯QT>=@JWHI®`j@CQHSo@J;=WjEPFHIZ`jSU<6FH@CWH<6@CM:So<rSo;�;OEPQH9:FHIP��/ >:EPQ_p�I®p�@J9:VUK�VoSU�CIrQT@NWtQT9:Kk\¯EPFHI®QH>:I
`jEC<LFH@JWR<6@JM:SU<X`j@ÍK:I6Wq@CBsQT>:IX8:9=;:<?>�c^@JF4QT>:@JWRIY>:E �ÍSU;:G$p[Eb�JILVoI6;=GCQT>:W�@CB|QH>:I�WTEC`$IX@JFHK:ILF�ECW�QH>:I
VUI6;:GPQT> @CBqQT>=I�8:9:;:<?> @JFvQH>:I�FTEPK:So9:Wv@CBqQT>:I)�PEC<L9:9:`�<?>:EC`38^I6F6� �k@J`$ILQHSo`$I6WLc|p[I�`jEb\AIg�JI6;
p[EC;aQqQT@¸WtQT9:K=\_`j@ÍK:ILWDpqSUQT>)p[Eb�JILVoI6;=GCQT>:Wq@J;=I�QTI6;aQH>Z@CFD@J;:I'>i9:;:K=FHI6KkQT>Z@CB QT>:I'8:9=;:<?>®VUI6;:GPQT>
@CF�8^IbEP` M:SoM^I¸FTEPK:So9:WLc 8:9=Q�K:I �:;:SUQHI6VU\1;:@CQ�K:@ pq;�QH@rQH>:I$`jSU<6FH@CWH<6@CM:So<3WRSHiLI$VUSo�PI�QH>:I�K:SoWtQ?EC;=<6I
8^ILQxp�I6IL;_Qxp�@Y;:ILSoGJ>i8^@JFHSU;:G�8^IbEC` MOECFRQHSo<LVoI6WL�|�x;$@CQT>=I6F p�@JFHK:WLcÍp�IqGJ@'QT@'QT>=IDBeFHI6li9:IL;:<L\$K:@C`_ECSU;
EP;:K]Vo@Í@J��EnQ'QT>:I¸K:Sw��ILFHIL;iQX`$@ÍK:I6W'@CB�`$@CQTSU@J;�@CB�@JWR<6SoVUVÀEPQHSo@J;®@CB�QT>:I¸8=9:;:<?>AEPWXE�pq>=@JVoIP� � 9:F
SU;aQTI6FRI6WtQ�SoWq@J;ZQT>:@CWHIYBeIgp `j@ÍK:ILW�QH>OEPQ�>OEb�JIYQH>:I�Vo@ p[ILWRQ�BeFHI6li9:IL;:<6SUI6W�@CF�VU@J;:GJILWRQqpDEb�CI6VoIL;:GCQH>:W6�
�4>=SoWqK:SoFRI6<gQTSo@C;�@CB WtQT9:K=\)SoW4�i;:@ pq;1ECW4QH>:I�³_°0�Í´Y»gºaº^¾T°6» ¹ 5Í�

/ >:IL;$<L@JVoVUSoWRSo@J;:WsECFRID;:I6GCVoI6<gQTILK�cJQT>:I48:ECWHSU<D`_EnQT>:IL`_EPQHSo<6ECVaQT@Í@JVÍBe@CF|QT>:I4`$@ÍK:IDECM=M:FH@aEP<?>$SUW
QH>:I F�VoECWH@ �vI6li9OEPQHSo@J;¸@JF QH>:I � So@J9k�kSUVoVUI�QH>:I6@JFRI6`m�l0P�� �ÎQ+WtQ?EPQHI6W+QT>:EPQ�SUBOp�I4Be@JVoVU@©p QH>:I4`$@CQTSU@J;3@CB
E�FHI6M=FHI6WRI6;aQ?EnQTSU�CI4MOECFtQTSo<LVoI�So;vQH>:I[VU@J;:GJSwQT9:K=So;OECVa@CF�jkhxÁ�ÂËM:>OEPWHI4WHM:EC<6IPcCQT>:I[K:I6;:WRSUQx\Y@CBÉMOECFtQTSU<6VoILW
SU;jSwQTW�;:I6SUGJ>i8�@CFH>:@Í@kK$SoW�<L@J;:WRQTEC;aQb�+�x;)@PQT>:ILF�p�@JFHK=W6ckQH>:I�K:SoWtQTFHSU8:9=QHSo@J;�@CB�MOECFRQHSo<LVoI6W�� u j:«TÁ$Â 29�©z
`$@ �JILW�SU;)QT>:IXVU@J;:GJSwQT9:K:SU;OECVÉM:>OEPWHIXWHMOEP<6IXVoSU�CI'EC;rSU;:<6@J`$M:FRI6WHWRSo8:VUI
	O9:SUK�����EPQH>:I6`jEPQHSo<bEPVoVU\CcÍQH>:I
F�VÀECWR@ ��I6li9OEPQHSo@J;rFRIbECK:W

���
�I� � � �� � £ ��j

� � � �� j £ �iÁ$Â
� � � �� Á$Â � � Ç u¬ � ¬ �©z

�x;rQTILFH`$Wq@CBsQH>:I � EC`$SoVwQT@J;=SÀEC;�ciSwQ48�IL<6@J`$I6W� �� � £ ����« � � � � « u¬ � ¬C¬ z
pq>=I6FHI)� «R�sK=I6;:@CQHI6W�QT>:I 
 @JSUWHWH@C;�8:FHEC<?�CIgQb� � ILFHICc^QT>:IXQTSU`jIX@CB|IbECFRVU\ZECFRFHSw�CEPV j,EC;=K®QT>=IYIL;:I6FRGC\
@P��WRILQ�Á�Â.EPFHI'QT>:IXWRILQ�@CBs<bEC;:@C;:So<6ECV��PECFHSoEC8:VUI6WD<?>:@CWHI6;��[�4>:I 
 @CSoWHWR@J;Z8:FTEC<?�PILQ�SoWDQH>:I6FRILBe@JFRI

����« � � � � �� j � �� Á�Â ! � �� Á$Â � �� j Ç u¬ � ¬ $az



¬ h?� ¬ ¬ � ������� �x���	��� � 7 ��
� 7������ 
 7 � �

�d@JGJIgQT>:ILF4pqSUQT>rQT>=I � EC`$SoVUQH@J;:SoEC;jILli9OEPQTSU@J;:Wq@CB �+l^� u¬ �U�-,azgcD�+lÉ� u�¬ � ¬ � z[SoW4FHILM:FH@ÍK:9:<LI6K��
�ÎB�FTECK:SoEPQTSU@J;�SUW�So;=<6Vo9=K:I6K,SU;�QT>:I¸K=SoWH<L9:WHWRSo@J;�c @J;:I¸`39:WtQ'IgfÍQHI6;:K]QT>:I�F�VÀECWR@ ��ILlÍ9:EPQTSU@J;,QT@

QH>:I . @J�i�CI6F�h 
 VÀEP;:<?��I6li9OEPQHSo@J;��  n�
���
�I� ��� �� Á�Â u Á�Â �Dz £�� ¬ � ¨ �� Á$Â ¨ « u¬ � ¬ (iz

pq>=I6FHI � EC;:K � ECFHI'FRI6VÀEnQTI6K�c:FHILWHM^I6<LQHSU�CI6VU\CcOQT@¸QT>:IXKOEP`jM:SU;:G�EC;:KZK:Sw��9:WRSo@J;�<L@kI��$<6SoIL;aQTW6�

����� - "�0 �s(+5b&	� 
 %�03# �

7È<L@aECWRQHSo;:Gr8^IbEC` SoWX;:@CQX8:9=;:<?>:I6K��)�4>:I6FRIjSUW';:@ZFRB��J@JVwQ?ECGJI$EC;=KyQH>:I6FRILBe@JFRI$;=@®Wt\k;=<?>:FH@CQHFH@J;
@CWH<6SUVoVoEPQTSU@J;��Z�4>Í9=W6c+QT>:ILFHI)SUWv;:@,Wt\Í;:<?>:FH@C;:@J9:W�MOECFtQTSU<6VoIP� . @JF�QT>:I)VU@J;:GJSwQT9:K=So;OECV+M^@JWRSUQTSU@J;�cdp[I
<6EC;]`_EP�CI3FRILBeI6FRI6;:<LI¸pqSUQT>,FRI6WRM�IL<LQXQT@rE)K:ILWHSUGJ;OEPQHI6K,M^@JSo;aQ'SU;�QT>:I�EP<6<6ILVoILFTEPQH@JF�FHSU;:G:� . @JF�QH>:I
IL;:I6FRGC\Y@C��WRILQ6cJp[ID<6EC;3`jEC�CI�FHIgBeI6FHIL;:<6IDpqSwQT>3FRI6WRM�IL<LQ QH@�QT>:IDE �CI6FHECGJIDIL;:I6FRGC\v<?>:EC;:GJI[Be@CF ECVUViQH>:I
@C;khx`$@J`$I6;aQT9:`¿M:ECFRQHSo<6VUI6WL� � ILFHIPc�p�I3<bEC;=;:@CQ�QTECVo�ZEC8^@J9=Q�8:9:;=<?>y`$@ÍK:I6WL���x;:WtQTI6ECK�c�QH>:I3VoSU;:IbEPF
K=I6;:WRSUQx\¸@CB�EC;�Igfk<LSUQ?EnQTSo@C;¸@CBÉQT>:Iq8^IbEC`
<bEC;�8^I�K=I6WH<LFHSU8�ILKj`39=<?>$8^ILQRQTILF�8a\�EP;$>:ECFH`$@J;:SU<�p[E �CICc

� C u� «��Rz�#�������� A�� @ « u¬ � ¬ %Jz
pq>=I6FHI � SUW[QT>=IXESi6SU`39=QT>:ECV�EP;:GJVoI�ECFH@J9=;:K)QT>:I'FRSo;:Gv`jI6ECWH9:FRI6K�BeFH@C`�E3M^@JSo;aQ4@PBsFRILBeILFHI6;=<6ICc �,SUW
E$FHIg�J@JVU9=QTSU@J;r>OECFH`$@J;:SU<X@JF���`$@kK=9:VÀEPQHSo@J;=WD@CB|QH>:I�Vo@J;:GCSUQT9=K:So;OEPV�VoSU;:IbEPF�K=I6;:WRSUQx\�pq>:IL;��ÍSoILp�I6K
BeFR@J`
QH>:I4QT@JM$@CB^QT>:I�EC<L<6ILVoI6FHEPQT@CF+FHSo;=GXEPQ�E��=fkI6KjQHSo`$I �{cÍEC;:K���SUW QT>:I�EC;=GJ9:VÀEPF|�JILVo@Í<6SUQx\3@CB�QH>:I
p[Eb�JIP�+�4>:I[>OEPFH`$@J;:So< � �?� WH>:@C9:VoK�8�I�Igfk<6VU9:K:ILK38�IL<bEC9=WHI[SwQ pqSoVoVJ�ÍSU@JVÀEPQHI�<?>OECFHGCI�<L@J;:WHILFR�PEPQHSo@J;
WRSo;:<LI'QT>:I'SU;iQHI6GJFHECV�@CB � C @ �JILF�QH>:I�pq>:@JVUI'FHSU;:G�K:@kILW4;:@CQ4�PEC;:SUWH>�pq>:IL; � �?� �+�4>=I�I{fk<6SUQTEPQTSU@J;
@PB��+lÉ� u¬ � ¬ %JzvSoW�E��g±^»gº^² � 5O°nµY�ÍSUILpXc[WRSo`$SoVoECFYQH@yQTEC�iSo;:GyE]M:So<gQT9:FRIZ@PB�QH>:I®8^IbEP`�EC8^@©�CIZQH>:I
EP<6<6ILVoILFTEPQH@JF[FRSo;:G:�|�4>Í9=W[QT>:I�VoSo;=IbECF�K:IL;:WHSwQx\)SoW�EvM^I6FRSo@ÍK:So<qBe9:;:<gQTSo@C;_@CB � pqSUQT>_M�ILFHSo@ÍK ¬"� � �4>:I
VUSo;:I6ECF�K:I6;=WHSUQx\j<bEP;_QT>:ILFHIgBe@JFHI�8�I�IgfkMOEC;:K=I6KrECW[E . @J9:FHSUI6F�WHILFHSUI6WDEP;:K_QT>=I�Igfk<LSUQ?EnQTSo@C; � C u �J«��Rz�SUW~R9=WRQ�E . @J9=FHSoILFD<6@C`jM^@J;:IL;iQ6���d@$K:I6WR<6FHSU8�I�E¸8^IbEC`¿MOEPFRQTSU<6VUICckp�I�9:WHIXQT>:IX<6EC;:@J;:SU<bECV��CEPFHSÀEP8:VoI "
EP;:K1Á�Âjc:pq>=I6FHI " � ( � pqSUQH> ( � �D¡ Ã u�¬"� z[8�ILSo;:G�QT>=I�`$IbEP;®FHECK:So9=W�@PBsQH>:IY@C;khx`$@J`$I6;aQT9:`
<LVo@JWRI6K®@JFH8:SwQb� � ILFHIPc "$SoWs~R9:WtQ�QH>:IYVU@J;:GJSwQT9:K=So;OECV�K:SoWtQ?EC;=<6I�EC>:I6ECK�@CBsQT>:IXM^@JSo;aQ�@CB|FHILBeILFHIL;:<6IvEPQ
QHSo`$I ��EC;:KyÁ�Â�SoW�QT>:I¸IL;:I6FRGC\,@C��WHIgQb�J�kSo;:<LI3p[I�EPFHI¸9:WRSo;:G�WR;OECMkhÎWH>:@CQXK=I6WH<LFHSUM=QTSU@J;�c�QH>:I¸FHI6ECV
QHSo`$I �+<bEC;_8�I�9:WHILK�ECW�QT>:I�<6@J;aQHSo;i9:@J9:W�So;:K=I6M^I6;:K:IL;aQ[�PECFHSoEC8:VUIC�|�4>=I�I6li9OEnQTSo@C;:W�@PB `j@PQTSo@C;jEPFHI

� "
� � � !

�=Á�Â
Ê ¡?Æ ¨¡ Â ¡ « u¬ � ¬ 0az

�iÁ�Â
��� � !

� ! ���
� ¡ £�Ê ¡O*-,�.¡ u "=«��Rz / ! Ê ¡'*F,�.¡ � u �Rz / « u¬ � ¬  Jz



¬ �%( � @aECWtQTSU;:G 	[IbEC`$W ¬ hT� $

pq>=I6FHI�Ê ¡ EC;:K � ¡ ECFHIPcPFRI6WRM�IL<LQTSw�JILVU\JcnQT>:I��JILVo@Í<6SwQx\XEC;:KYFHIL�C@JVo9kQTSo@C;�M^I6FRSo@ÍKY@PBkQH>:I�@C;khx`$@J`$I6;aQT9:`
M:ECFRQHSo<6VUICc *-,�.¡ u "=«��Rz / SoW�QT>:I�Eb�CI6FTEPGJI)Vo@C;:GJSUQH9:K:SU;OECV p[EC�CI)Be@JFR<6I�EP<LQTSU;:G�@C;AQT>:I)8^IbEP`}M:ECFRQHSo<6VUI
9=;:K:I6F�<6@C;:WHSUK:I6FHEPQTSU@J;NEP;:K *-,�.¡ � u �Rz / SoW'QT>=I_Eb�JILFTECGCIj@CB�QT>:IjEb�JILFTECGJI$Vo@C;:GJSUQH9:K:SU;OECVsp[EC�PIjBe@JFR<6I
EP<LQTSU;:G)@J;]EPVoV QT>:I3@C;khx`$@J`$I6;aQT9:` MOEPFRQTSU<6VUI6W6�'�4>=I3WH9:8kQTFTEP<LQTSU@J;,@CB *-,�.¡ � u �Rz / SUW�;:IL<6I6WRWTECFt\Jc 8^Igh
<6EC9:WRI�WH@J`$ILQHSo`$I6WYQH>:IrEb�JILFTECGJI)p[EC�PIrBe@CFH<6I_`_Eb\�>OEb�JIrE1K:<)FRI6WRSoWRQHSU�CI)QTI6FR`�EP;:KAp[I�K=@,;:@CQ
p[EC;aQXQT@�SU;:<6VU9:K:I3SwQ'So;,@J9=F�K:SoWR<69:WRWHSU@J;]WHSo;=<6I¸SUQ�SoW�9:WR9OECVUVU\®<6@J`$M�IL;:WTEnQTI6K�c�Be@JF'Igf=EC`$M:VoIPc�8a\,E
K=<¸GaECM1�J@CVUQ?EPGJIC� � QT>:ILFRpqSUWHICc�QH>:I38^IbEC` pqSoVUVs<L@J;aQTSo;i9:I3QH@�Vo@JWRI3I6;=I6FHGP\,EC;:K1pqSUVoVd;:@CQ'8^I�EC8:VUI
QH@�WRQ?Eb\rSU;:WHSUK:I�QT>:I'�PEC<L9:9:`m<?>OEP`38�ILF6�

/ >:IL;AWR\Í;:<?>:FR@CQTFR@J;AFHECK:SÀEnQTSo@C;,SoW�;:I6GJVUI6<gQTI6K�csQT>=IjILlÍ9:EPQTSU@J;:W�@CBD`$@CQTSU@J;,<bEP;N8^IjK:ILFHSw�JI6K
BeFR@J`�QH>:I � EC`$SoVwQT@J;:SoEC;

� � !
�kÁ�Â

¬ Ê ¡?Æ ¨¡ Â ¡ £ ���
¡ � *-,�.¡ u "  «��Rz / ! *-,�.¡ � u �Rz / � Ê ¡ � "  Ç u¬ � ¬ ,az

. @JF�QT>:I�8�I6EC` K=SoWRQHFHSU8:9=QTSU@J; � u "k«?Á�Â+2��Rz�SU;_QT>=I�Vo@J;=GJSUQH9:K:So;:ECVOM:>OECWRI�WHM:EC<6IPc=QT>:I F�VÀEPWH@ �_ILli9OEnh
QHSo@J;r8^I6<L@J`jILW � �� � £ � "

��� � �� " £ �iÁ�Â
��� � �� Á�Â � � « u¬ � ¬ 
az

pq>=I6FHID� "aÃk� �sEC;:K �iÁ�Â3Ãk� �sECFRIDGJSU�CI6;�8a\vQH>:I4I6li9OEPQHSo@J;=W+@CB^`j@CQHSo@J;��d�ÎQ�SUW So`$M^@JFRQTEC;aQsQH@'FHIbEPVoSHiLI
QH>OEPQ � "JÃk� �YSUW_±�°nµ'QT>=I)Vo@J;=GJSUQH9:K:So;:ECV �JILVo@Í<6SUQx\yÊ]@CB4QH>:I)MOECFtQTSU<6VoI$>OEb�ÍSo;:G�I6;:ILFHGC\�@C��WHILQ¸Á$Â$�
�x;=WRQTI6ECK�cÉSUQqFRI6M:FRI6WRI6;aQTW�QT>:IXM:>OEPWHIXWHVUSoM u SU;rVoI6;=GCQT>Éz[M^I6FqFRIL�J@CVo9=QHSo@J;rM^I6FHSU@kK � ¡ �



¬ h?�-( ¬ � ������� �x���	��� � 7 ��
� 7������ 
 7 � �

����� ���Z%���2�5��s%�

¬ �U�C�4�4>:I � EC`$SoVwQT@J;:SoEC;Z@CB �+lÉ� u¬ �U�� Jz�K:ILWH<6FRSo8^I6WX`$@CQTSU@J;1So;,QH>:I¸Vo@J;=GJSUQH9:K:So;:ECV M:>OECWRI$WRMOEC<LICc
pq>:I6;_QH>:IqpDEC�PI�M^@CQTIL;iQHSÀECV�� u jÉz+SoW�;:@PQ[SU;:<6VU9:K:I6K�� / SUQH>$QH>:I�Ig��IL<LQHW[@CB�QH>:IqpDEC�PI�M^@CQTIL;kh
QTSÀEPV=;:ILGJVoIL<LQTILK�c2�O;:K¸QT>=I �=fkI6K_M^@JSU;iQHW @CB^QT>:I � EC`$SoVUQH@J;:SoEC;vEP8�@ �JI�EC;=K$8^I6VU@ p�QHFTEC;:WRSUQHSo@J;�c
EC;:K1K:IgQTILFH`$So;:I�pq>:ILQH>:I6F�QH>:IL\�ECFHIvWRQ?EP8:VoIY@JF�;:@PQb���4>=I3WHILMOECFTEnQTFHSU<6ILW'ECFHIYQT>:IY<6@J;aQT@C9:FHW
@CB �kf=ILK � EC`$SoVUQH@J;:SoEC;Y�PECVU9:I6W QH>OEPQ�MOECWRW+QT>:FR@J9:GJ>¸QT>=I�9=;:WRQTEC8:VoI �kf=ILK_M^@JSo;aQHW6�|�4>=IL\�WHILMkh
ECFTEPQHI�QT>:IXFRI6GJSU@J;r@CB|VUSo8:FHEPQTSU@J;)`$@CQTSU@J;_BeFR@J`mFH@PQ?EPQHSo@J;�`$@CQTSU@J;���� 
 VU@CQDQT>=I�WRI6MOEPFTEPQHFHSo<LI6WL�

¬ � ¬ �4�4>:I'<bEC;=@J;:So<6ECVÉ�CEPFHSÀEP8:VoILWYj ¡ EC;:KrÁ�Â ¡ Ig�CEPVo9OEPQHI6K�EnQ	� QHSo`$I�
 � �?� 8�IL<6@J`$I!j C EC;:KrÁ�Â CEPQ�EC;ZSo;��O;=SUQTILWHSU`_ECVÉQTSU`jI�Á+��VÀEPQHI6FqEC<L<6@JFRK:So;:G¸QH@
j C � j ¡ £ � �� Á�Â ¡ Á ��« Á�Â C � Á�Â ¡ ! � �� j ¡ Á � Ç u¬ � $ � z

� @J;:WHSUK:I6F�QT>:I$WH`jECVUV+M:>OECWRIghxWRMOEC<LI�ECFHI6E®ILVoI6`$I6;aQ ��j ¡ �iÁ�Â ¡��� ��j C �iÁ$Â C � �k>:@ p QH>OEPQ
QT>:I��JEC<L@J8:SÀEP; �1� �XQH@3QT>:I��OFRWRQ�@JFRK:I6F4SU;®Á �Jc:SU`jM:Vw\ÍSo;:GvQH>OEPQ4QH>:IXECFHI6E¸WH9:FRFH@J9:;=K:So;:G$E
GJSU�CI6;r;i9:`38^I6FD@CBdMOEPFRQTSU<6VUI6WDK:@ÍI6W4;=@CQ4<?>OEC;=GJI'So;)QHSo`$ICcipq>:So<?>rSoW � SU@J9=�ÍSoVUVoI��4>:I6@CFHI6`Z�+�ÎQ
SoW[M^@JWRWHSo8=VoI�QH@3M:FH@ �CI �1� ��QT@¸EPVoV^@JFHK:ILFHW4SU;�Á �X9:WRSo;:Gv<bEC;:@C;:So<6ECV^QHFTEC;=WRBe@JFR`_EPQHSo@J;��B�kILICc
Be@JF4Igf=EC`$M:VoIPc � � � @JVUK:WRQHI6So;�c�� �w»4� �g¼ ¹ »:���y´ ¹ 5=»C±O¼ ¹ �gc=7�K:K:SoWR@J;kh /NILWHVoIg\Jc � >OEPM=QTILF	,nh $=�

¬ � $k� �ÍQ?ECFtQTSU;:G�BeFR@J` QH>:I � EC`jSUVUQH@J;:SÀEP;3So; �+l^� u�¬ �U�  Cz pqSwQT>�QT>:I�WR\Í;:<?>=FH@J;:@C9:WDM:>OEPWHI��� �?� @JF� 8=9=Q So;'QT>=I�EC8:WHIL;:<6I�@CBÍQT>:I p[EC�PI�M^@CQTIL;aQTSÀEPV�cbK:ILFHSw�JI+QT>:I+Wt\Í;:<?>:FH@PQTFH@C;YQT9=;:ICc �+l^� u¬ �%$azgc©@CB
EYMOECFtQTSU<6VoIq>OEb�ÍSo;=GvEC;jFRB M=>OECWHI�EC`$M:VoSwQT9:K:I �� �BGqI6M^IbEPQ�QT>:I�K:I6FRSU�PEPQHSo@J;¸Be@JF�EC;a\jECFH8=SUQTFHECFR\
WR\Í;:<?>:FR@J;:@J9:W�M:>OECWRIC�

��� C&i'R->98FC&6G@VC1`cP'e&C&:WX Pk:�R-C&6�\'C&<3`c698-C16B@cC1@c8-;':7P';O>BXZ:7XFPO>B<f:GTBXZC&`cC1ed>9R!8-6�>gXZC&@':��3>�2G:3AG6BC1@OAo|rR-6G`���� 8F6���� H
 �698=>E8FC&6G@m`c698-C16B@mC&@NP';O>BXZ:gXFPO>G<�:oC&`cP'e1C&:WX�8F6�!L>9@?\"!�|rR-6V6BX-<fC&e1ed>E8-6GR-] `V6G8FC&6G@ H



� ��� �����	� 	 � � ��


� �6� � � 	[ILFH;OEPFHK:SU;:ICc|´gµ[»:��c 
 >a\kWL� G�Ig��� � ILQRQb���� cD( �  u �'
�0 $az{�
� ¬ ������� � ¹?¹ ´��o´g¾R»Cµ�°n¾��3´ �g¼ 7C±��Éµ·¶ �:9��q´xºO°n¾{µc�� ��� G�ILM�@CFRQ 
� ©h?�Q0kc � �	. h 
  ©hT� � cy�'
 
  I2

�¸�! ¸� � G:c �3�:�dFH8^@n~RIg�kSU<CcOEP;:K����" 3� � I6IPc 
 FH@Í<6I6ILK:So;=GJWq@CB��'
 
=�'� ��� 
 EPFRQTSU<6VUI�7�<L<6ILVoI6FHEnh
QH@JF � @J;=BeI6FRI6;:<LICc �kEC; . FTEP;:<6SUWH<6@=c^�*
 
=�Jc �+K�� � S_ibEC`jE u � ���4c � Igp# �@JFR�^c^�'
 
k�©zgciM:M��^�'% 
 2
� �O7�;:�CIL;Í8=FTEC;:KkQbc+´gµD»:��c 
 >a\ÍW6� GqIL�^� �k� 7�<6<6ILV�� 	[I6EC`$W'�Jc � ,=� �:� � u �'
 
 
azg�

�)$P�J���"$3� . EC;=G:c%�¸� � SUK:ICc&���' �@C�C@ \aE=c 	�� � >=I6;�c �=�)(3� /NEC;:G:c 
 FR@k<LI6I6K=So;:GJWq@CB[�'
 
{% 
 ECFRQHSo<6VUI
7�<6<6ILVoILFTEPQH@JF � @J;=BeILFHI6;=<6ICc �'ECVUVÀECWLckM:M�� $ � 0:(:�

� (C�J���! ¸� � ILICc*�¸�! ¸� � G:cCEP;:KJ�3� �dFH8^@n~RIg�kSU<Cc 
 >i\ÍWL�:GqIL�^�,+.- c:$ � ( � u �'
 
 $azG2 ���! ¸� � ILICc*�¸�! ¸� � G:c
EC;=K��3�O�dFH8^@n~RIg�kSU<Cc . I6FR`jSUVÀEC8j�x;aQTI6FR;OECV�GqI6M^@JFRQ . � h�% 
�%kc��'
 
 ¬ �

�1%n� � � � 9OEP;:G:cOILQ�ECV�Uc 
 >a\ÍW6� GqIL�^�/+.-10�c ({0  , u �'
 
 $Jzg�
�l0P��7Y� 7Y� F�VÀEPWH@ �^c��=� 
 >i\ÍWL� �	� ��G32�c ¬ % u �*
:( %Jz{�
�  n� � �DG�SUWH�PI6;�c54 5O´.6d° � � ´g¾{²7� �w»C± ¹��98 �6¶:»Cµ·¼�°n±Oc ¬ ;:K��+K:SUQHSo@J;�cD�kM:FRSo;:GCI6Fth F�I6FRVÀECG:c � �! ¸�wc �'
 , 
k�

¬ hT�'%



¬ h?�Q0 	[� 	 � � � � G�7 
�  


